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Preface In the vicinity of Sendai City, few studies were published on the 
geomorphology of the coastal areas, compared with those on the river areas. This is 
due to the obscurity of scarps available for surface classification and also to the 
scantiness of key phenomena to correlate them. There are several terraces, but 
most of them have no terrace deposits, and this makes it difficult to identify whether 
the obscure scarps are of marine or  fluvial origin. 
   Y. Tomita (1949 1952) explained the land form of Shiogama-Matsushima 
district as follows. It was originally an uplifted submarine platform, and after 
having suffered the river erosion the dissected table-land submerged. The marine 
erosion after the submergence did nothing more than the modification of the 
form by river erosion. The promontories and some of the islets are the former 
 interfluves, and Mt. Tomiyama  119.8  m a.s.l. and Mt. Otakamori  105.8  m  a.s.l. etc. 
may be former islands on the old submarine platform. 
   In the area to the east of Shiogama City, R. Imaizumi (1960) classified the 
surfaces into five, namely Kimigaoka Surface (60 m),  Terayama Surface (42 m), 
Minatohama Surface (23 m), the 12 m Surface, and the cave level 2-3 m high. He 
regarded those surfaces as marine terraces, and noticed the development of red 
weathering crust on Kimigaoka Surface. He suggested that this surface will be 
correlated with Dainohara Terrace in Sendai City from the distribution of such 
weathering crust. H. Nakagawa (1961) followed his opinion. 
   K. Tanabe (1950) classified the surface of Tashiro Island into three, namely  90-
80 m, 60-40 m, and 25-20 m surfaces. He also regarded that the surface of Aji 
Island may be similarly divided as that of the former island, but there also develops 
a 10 m surface. The almost level surface of Tozura Island situated between those 
two islands is regarded by him to correspond to the 25-20  m surface. 
   No papers quoted here are with distribution maps of the surfaces. The lack 
of distribution maps and the difference of  opinions on the origin of the surfaces 
may be due to the absence of distinct cliffs separating the surfaces. 
   After the report by R. Imaizumi (1961), K. Matsui and Y. Kato (1962) made a 
palaeosol study on the red weathering crust developed in  Shiogama district. They
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regarded that the formation of such a crust occurred during so-called Shimosueyoshi 
Stage (R/W). 
    The present author is interested in the nature of the surfaces and the slopes that 
bound them. In this paper he discusses on the relations between surfaces and 
red weathering crusts as well as between the stages of the formation of the crusts 
and that of slopes. 
   The areas taken as examples are the vicinity of Shiogama City and the islands 
of  Aji and Tashiro. 
   1. General Land Form and Geology 
   One of the characteristics in Sendai Bay area is the distribution of ancient rocks 
on its eastern side, where the Ojika Peninsula is composed of Jurassic and Cretaceous 
sediments as  well as intruded rocks. This is the southern extension of the Kitakami 
Mountains. In the  middle of the bay there is no peninsula or island and behind 
the coast there is a lowland, and there is no hilly land. The western part is 
complicated and there is a branch bay called Matsushima Bay. The geology of 
the hills and islands of the branch bay district consists of Miocene and Pliocene 
sediments. To the west, the hilly part is bounded by the Nagamachi-Rifu tectonic 
line from the hills situated further west. 
   To the southwest of the hilly part there is no elevated part , and a lowland called 
Sendai Coastal Plain is developed. The terrace area on which Sendai City lies is 
separated by the tectonic line from the lowland. 
   The nature of rocks of the two areas discussed in this paper is as follows. 
Shiogama-Matsushima district is composed of Miocene and Pliocene sediments , and 
the district shown in Fig. 2 consists of Upper Pliocene tuffaceous siltstone , sandstone,
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and tuff. Towards the east as well as to the northwest there are the sediments of 
Lower  Pliocene. 
   The islands of  Aji and Tashiro chiefly consist of Jurassic and Cretaceous slate, 
sandstone and conglomerate, and the layers are inclined steeply, about  35° at 
the maximum. 
   2. Geomorphological Surfaces and related Features in the vicinity of 
Shiogama City 
 A. Land form 
   The hill surface is highest to the northwest of the center of the city and is about 
90 m  a.s.l., where the cleaning bed of the city water service is situated. There 
develop several-storey level surface or spur which are bounded by slopes. To the 
east and southeast of the center of the city, the hills are lower than in the north-
western part, the highest being about 60 m, but their surface forms are similar. 
   As afore-mentioned, there is no key to classify the hill into geomorphological 
surfaces and to correlate them for the whole area. Classification or correlation 
of the geomorphological surfaces by means of their heights sometimes leads to 
erroneous conclusion, especially when some agents are active and are modifying 
the original  forms. In this area each surface is bounded by a slope, so the author 
thinks that it should be avoided to classify the surface depending on the heights, 
except for a narrow area. 
   From such a view-point, he intends to show an example in the southern part 
of Shiogama City. The place is lower than the areas to the east, to the southeast,
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and to the northwest. 
   The author classified the hill surface into five, namely the 42  in, the 35 m, 
the 27 m, the 15 m surfaces, and a lowland . He also noticed that there develop 
unusual land form with concave valley floors (Fig.  2). As mentioned below, the 
deposits fill not only the valley floors, but also cover the sides of slopes bounding 
the surfaces. These covers of the side slopes are omitted in the distribution 
map. Generally each surface has no deposits with the  exception of soil. 
 Quaternary deposits of the lowland exceed 30 m in thickness to the south of 
the hill (Miyagi Pref, 1963). 
   At a few localities east to southeast of the district shown in Fig. 2, exist indist-
inct terrace deposits which consist of brecciated bedrock and very seldom rounded 
gravels. There, some part of surfaces are covered with blown sands which imbed 
 Doguh, a kind of ceramic culture of  Johmon age. 
   B. Red weathering crusts 
   The bedrock underlying the hill surface in this district is red-coloured, and its 
characteristics of occurrence are as follows. 
   (1) The red weathering crust does not occur to the east and to the southeast 
in the district shown in Fig. 2. 
   (2) In the district the 15m surface and the lowland have no such a red weather-
ing crust, in other words, such crusts develop on the tops of the 27 m surface and 
higher ones. 
   (3) The development of such a weathering crust is differential depending on 
the nature of the bedrock. 
   (4) Generally speaking, the higher the surface, the thicker the weatheing 
crust. The largest value of the thickness observed by the author is about 10 m at 
the cleaning bed mentioned above. 
   (5) As to the 27 m surface red weathering crust develops on its top, but such 
a weatheing crust is absent in the depressions formed on the top by  erosion, In 
the depressions formed on the higher surfaces the crust develops and is overlain 
by red soil (Photo. 1). The author could not confirm whether the red soil resting on 
the red weathering crust was re-deposited red material or it became red after the 
deposition. 
   C. Slope deposits 
   As mentioned above, slope deposits cover the sides of surfaces, making the 
boundaries gentle. 
   (1) The occurrence of such deposits is clear at the boundaries excepting that 
between the lowest terrace and a lowland and they are absent or obscure at the tops
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Photo. 1. The underlying Material of the 35 m Surface at Loc._2. 
   1  • Red soil underlying the present surface soil, 
   2 Red weathering crust, 
   3 Bedrock,  tuff.
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Photo. 2. The Relation between Slope Deposits and  Red Weathering Crust at 
    situated at the Side Slope of the 27 m Surface  
 The broken line is the plane of unconformity betweenthem. The surface 
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Photo. 4. The Slope Deposits behind 
     The arrow indicates the horizon 
     breccia and clay. 
    The continuity of the slope and 
     form of small inlet between them,
Loc. 4. 
50 to 70 cm thick consisted of walnut size 
the terrace is broken by sea-cliff of the 
but the restored profile shows smooth one.
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of the surfaces. In other words, the distribution of the deposits in the cross section 
of the hill is interrupted at the level part of each surface. 
   (2) Along the valleys running from the higher to the lower surfaces, the 
deposits are continuous in both the longitudinal and the transverse directions of 
valleys. In the outlets of valleys, the surface underlain with the deposits submerges 
under a lowland. At some localities the modified terrace scarp of the lowest terrace 
into slope also immerses under a lowland. 
   (3) Relation between the red weathering crust and the slope deposits is 
illustrated in Fig. 3 (42 m Surface) and Photo. 2 (27 m Surface). The contact is 
smooth in the former illustration and is undulating in the latter. The former 
exposure is cut in the direction of the maximum angle of the slope, while the direction 
of the latter is about 450 to that. 
   (4) The detail of the slope deposits is shown in Fig. 4. 
   3. Red Weathering Crust and Slope Deposits at Islands of Aji and 
Tashiro 
   Both islands are surrounded by steep sea-cliffs of 10 m to 20 m high and 
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   Fig. 3. The Relation between Slope Deposits and Red Weathering Crust at Loc. 3 
       situated on the Side Slope of the 42  m Surface.  
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Fig. 4. Column showing the Detail of Slope Deposits 
   at Loc. 3. 
   See Fig. 3 for its site  (  x  ). 
 Explanation 
 (1) Black surface soil. 
   (2) Dark brown silty clay. 
   (3) Brown, compact silty clay. 
       The upper half is fissured with drying-up. 
       The lower half is massive and has grey 
       stripes 1 cm thick. 
   (4) Dark brown silt cemented with Fe-Mn (?) 
       complex. Grey clay stripes penetrate it. 
   (5) Brown, massive silty clay. 
   (6) Brown, massive, compact clay dotted with 
       Fe-Mn (?) complex 1 cm in diameter. 
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numerous benches a few meters high. The sky-lines of both islands are indistinctly 
stepped. Classification of the surface is not impossible, but, like in the case of 
 Shiogama-Matsushima district, the boundaries of the surfaces are so vague that 
only a reconnaissance division is possible as was done by K. Tanabe (1950). 
   The present author is chiefly concerned with the red weathering crusts and the 
slope deposits, and does not intend to try another classification. 
   A. Red weathering crusts 
   The red weathering crusts occur on the 25 m and the higher surfaces. Like 
in the case of Shiogama-Matsushima district, the formation of such a weathering 
crust is differential depending on the nature of the bedrock. 
   B. Slope deposits 
   The obscurity of the boundaries between the surfaces is due to the development 
of slopes. 
   Along with such a feature, it is characteristic that the valleys in both islands 
consist of two reaches at least. The longitudinal and the transverse profiles of the
 100
 K.-rice field 
 V-shaped valley  t  shallow  valley
  Fig. 5. 
See Photo.
 500  1300  m 
Longitudinal Profile of Valley east of Loc. 4. 
3. Rice  field is too small to be shown in Fig. 6.
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 Fig. 6. Distribution of Rice Fields in the Islands of Aji and Tashiro (after the 
   Topographical Map published in  1949). 
   Actual state of landuse is different from  this, however, the alternation of 
   landuse is restricted within from mulberry garden to vegetable or grass one. 
 4.5..  •  .Locality numbers of sections.
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valleys illustrate such (Fig. 5 and Photo. 3). That is to say, the upper reach make 
shallow, open valley; while the lower one makes a V-shaped valley. Betweei 
two reaches the valley bottom is stepped. The locations of the stepped reache 
and the ratios of the upper versus the lower reaches are various in the streams  ii 
both islands. Such characteristics of the valley are also represented by  th 
distribution of rice fields, although a rice field is developed on the narrow  lowlam 
near the coast (Fig.  6). 
   One can tell following changes from a section at a margin of such a  shallov 
valley  (Fig.  7)  .
A
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             Fig. 7. Section of Road-cutting at Loc. 5 at Aji Island. 
  This exposure is situated at the lower end of the convex part of the  shallow, concavo-
   convex valley cross-section. The axis of the valley is about 50 m right from this section. 
  In plan, the directions of this section and the valley axis intersect at about  120°. 
   (1) The erosion occurred intermittently and cut the red weathering crust  intr, 
several steps. In plan, the section intersects the axis of the valley with an angle 
of about 120°C, then the steps of the basement of deposits are roughly in the 
transverse profile of the valley. Of course, the shape in the longitudinal profile  iE 
not exhibited in this section, however, such a stepped shape may be expected in the 
surface of the bedrock. 
   (2) In the process of the erosion, breccia and clay are deposited alternately. 
In other words, the processes of the slope formation are erosional as well as deposi-
tional. 
   (3) The surface form of the shallow valley does not correspond to the form 
of the basement of the  valley deposits. 
   (4) Details of the deposits are shown in Fig. 8. From Fig. 8 and Fig. 7 the 
following facts are known. In the clayey material are imbedded tangled or 
oblique clay stripes. These stipes are grey or white grey in colour, about 1 cm 
thick, and taper  away. Such features are common in Shiogama district (Fig. 4) 
and is observed on the hill along the Naruse River (T. Wako,  1964). 
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  .  R  5/8) dotted with light brown grey or dark reddish brown spots 1 to 
  2  in diameter. 
) Black surface soil. 
  Brown sandy silt. Its upper part is darker than the lower clue to the 
  mixture of organic matter 
  Orange brown clay with  blac spots. 
  Debris with orange brown  clay matrix. Breccia are round or subround in 
  shape, commonly  1 to 3 cm and rarely 5 cm in diameter , and slate in 
 lithology. 
  Orange brown clay with  reddish, subanguIar rock fragment 2 to 3 cm in 
  diameter. 
  Red and black, slate breccia and silty clay. Breccia are 0 .5 to 1.5 cm in 
  diameter. 
I Brown silty clay with  angular to subangular rock particles 3 to 4 cm in 
  diameter. 
  Black, slate breccia,  commonly 1 to 2 cm and rarely 10 cm in diameter , 
  and slate in  lithology 
  Compact  clay, brown to  orange brown in colour , with breccia 1 to 2 cm 
  in diameter. 
  Brown clay. 
 
. (Fig. 9), but it does not  cover the benches. It is clear that the 15 m 
of marine origin from the distribution and the nature of terrace deposits . 
behind the terrace surface is covered with debris (Photo . 4). Then the 
is inferred. 
The deposition of debris proceeded during or after the emergence of the
T.  \VAKO 
Fig. 8. Columns showing the Details of the 
   Section at Loc.  S. The sites A and B arc 
   shown in Fig. 7. 
Explanation 
 A. (1) Black surface soil. 
     (2) Brown silty clay with platy struc-
         ture (7.5 YR  4/6)  . 
     (3) Orange brown clay with round and 
         subround slate breccia  1 to 2 cm 
         in diameter. The upper part is
         light coloured (7.5 YR  7/8), and
         the lower is darker than the upper
         and mixed (7.5 YR 6/8 and 7.5 YR 
         5/6) in colour. In dry condition 
         the material breaks into irregular 
         blocks of walnut size. Breccia is 
           brown- or red-coloured. 
     (4) Reddish orange, sandy silt (10 R 
        4/8) with light reddish brown
         breccia. This material is thinly 
         layered in dry condition. 
     (5) Red weathering crust of sandstone 
r n r  r r  r ish r n ts  t  
 part is darker than the lower clue to the 
 ;k ts. 
 ty trix. r ccia r  r d r round i  
 r r ly   i  i eter, and slate in 
 lish, anguIar  ent    
 ilt  l . r ccia r  .  t  .   i  
 ix t  angular r  rticles  t    i  
 [ly  t     r r ly   i  i eter, 
 ige r n i  l ur, with breccia 1 to 2 c
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     Fig. 9. Columns showing the Structure of the  15  m  Surface 
         of Aji Island (Loc. 4).  T 
       (1) Black, light surface soil  composed of sand and humus. 
       (2) Debris with sand matrix. Breccia arc 1 to 5 cm in 
 , 
        diameter and sandstone in  lithology. 14} 
       (3) Orange yellow, medium sand dotted with subangular 
            gravel 5 cm in  diameter.  (5,1.        (4) Laminated, compact sand, greyish brown in colour5.14 
            and medium in texture. 
       (5) Gravel bed with sand matrix. Gravels arc 2 to  20cm 
           in diameter, round and angular in shape. Brownsand r -
c69,s.t.             layers are imbedded. 
       (6) 9 m (plus) bedrock, sandstone. 
marine terrace. 
    4. Discussion 
   The author finds a close relation in the land forms and the surface geology of 
both districts,. Shiogama and Aji-Tashiro. 
   (1) As to the origin of the surfaces in both districts, there is no certain 
evidence excepting on a few localities. At least the lower surfaces in two islands 
must be of marine origin judged from their distribution. It is possible that the 
higher surfaces were modified and the original form was completely revised, 
like in the case of the Sanriku Coast (T. Wako,  1964). The surface of Shiogama 
district must be of marine origin at least concerning the lower surfaces and near the 
coast,  judged from their distribution. 
   (2) It is interesting that the terrace deposits are scanty in the Sendai Bay area 
including both districts discussed here. This problem is beyond the scope of the 
author, however, he wants to explain the absence of deposits on each surface as 
follows. 
   a. In the district to the west of Shiogama, the Nagamachi-Rifu line might 
have affected the surface form and brought the weakness to erosion. The formation 
of the "Rifu through valley" (Y. Tomita, 1952) is the evidence of such a consequence 
in the northern part of this district. The district is, so to speak, an island 
separated form the inland. Therefore, it is impossible that the materials were 
supplied to the district by means of streams. 
 b. Besides, the bedrock is consisted chiefly of Tertiary soft sediments and is 
difficult to yield gravels. 
   (3) However, scantiness of materials even under the surface composed of 
hard rocks suggests that the surface is erosional almost everywhere along the bay. 
The significance will be clarified by the further  reseach.
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   (4) At any rate, bare rock surfaces made suitable grounds for the formation 
of weathering crusts. 
   The formation of the red weathering crust is under discussion from the view-
point of pedology as well as in its relation with geomorphological surfaces. 
Various opinions have been represented, however, the present author just points 
out the following relation. 
   (5) When the area is limited, the red weathering crust becomes an indicator 
for correlation of geomorphological surfaces, though the formation of the weathering 
crust is differential depending on the nature of the rock. This granted, the 27 m 
surface of  Shiogama district and the 25 m surface of  Aji-Tashiro district must be 
of the same age. The heights of the surfaces are practically same. 
   (6) In both districts the highest surface free from red weathering is the  15 m 
surface. Seen from the condition of weathering and height, the terraces are of the 
same age. 
   (7) The slope deposits cover the red weathering crust and terrace deposits, 
obscuring cliffs. Along with such a modification, shallow valleys are formed. 
   The longitudinal profiles of the shallow valleys in the islands are steep enough to 
extend under the present sea level. The lower reach of the shallow valley makes 
steps, and so does the surface of the basement of the deposits too. The stepped 
basement and the alternation of fine and coarse materials in the deposits are the 
indicators of the multi-phase development. 
   (8) The nature of the slope deposits depends on the geology. The sediments 
are clayey in the Tertiary area and are clay and breccia in the Jurassic area. 
   (9) The clay stripes resemble drop clays (G. Johnsson,  1963). It is sure that 
such clay stripes were formed in the cracks by the inflow of fine materials. The 
ways of occurrence of such cracks within loose materials are various, and they are 
classified into shrinkage cracks, sun cracks, and ice or frost cracks. 
    The nature of clay stripes and surrounding material observed here rejects the 
possibility of sun cracks. The tapering and tangling of clay stripes as well as the 
facies of slope deposits as a whole suggest the probability of the rest two cases. 
The author can not determine one of the alternatives; however, it is clear that the 
occurrence was under cold conditions, for, it is known that shrinkage cracks are 
brought about by freezing and it is needless to say on the conditions under which 
ice cracks are formed. 
    (10) The longitudinal profiles of shallow valleys underlain with such materials 
have enough steepness to sumberge under the present sea level. It is suggested 
that the formation of slope deposits was during the cold period when the sea level 
was low, and if the assumption is true, it supports the idea on the formation of
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clay stripes. 
   (11) The alternation of clayey materials and coarse materials in hard rock 
area indicates the fluctuation of processes. The distrotion of clay stripes and 
their tangling are interpreted to have occurred through the down movements of 
slope deposits during the warmer phases. 
   (12) The cracks are smaller compared with the typical ice wedges (P. Wold-
stedt, 1961; B.W. Sparks, 1961). Such small-scale cracks are evidenced to occur in 
the areas adjacent to the area where the vertical soil movements cause the sorting 
of the materials (A. Jahn, 1961). 
   From such a view-point, it is not to be wondered why in the districts discussed 
here only such cracks are formed without of any trace of typical cryoturbation. 
It is a favorable condition for the formation of such cracks that the slope 
deposits are very impermeable (S. Taber, 1929). 
   Conclusion 
   (1) The smoothing of terrace scarps was brought about by the formation of 
slopes. The process of slope formation was periglacial judged from the distribution 
and the nature of the slope deposits. 
   It is a problem whether the slope deposits and the valley floor deposits were 
formed within a stage or more. The author (1963a, 1963b) has concluded that the 
periglacial condition indicated by the occurrence of cryopediments and other 
phenomena prevailed around 25,000 yr. B.P. in the northeastern part of Japan. 
However, it is a question whether all the slope and valley floor deposits discussed 
here were laid around 25,000 ry. B.P. It may be revealed through the detailed re-
search of the stratigraphical relation between the deposits and the lowland deposits. 
   (2) The author did not fully discuss on the red weathering crust, however, it 
is clear that the slope material had eroded a part of the crust during its deposition. 
Such a relation resembles to a case reported from Morocco where the red wheathering 
crust had been removed with the process of solifluction during the  Wiirm age (H. 
Mensching,  1960). 
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